; they are the second most 3 frequent cause of death after failure to recognise or act on deterioration, and slightly exceed 4 hospital acquired infection, pressure sores and venous thromboembolism. In the United 5
States (US), STF with injury in hospital are classified as a 'Never Event', with no 6 reimbursement for associated costs (investigation, treatment and additional duration of stay) 7 so there is a considerable motivation to reduce (eliminate) both the total number of STF and 8 associated injuries (National Quality Forum, 2007) . In Europe, STF are the most common 9 cause of occupational accidents resulting in serious injury to workers (European 10 Commission, 2010) . The aim of this paper is to discuss whether patient STF interventions 11 are using innovative approaches based on Human Factors & Ergonomics (HFE) to reduce 12 and eliminate risks or if the interventions are simply firefighting by repackaging previous 13 approaches without addressing underlying causes and permanence (sustainability) of 14 improvements. A theoretical model (bench) for HFE is used and a comparison is made with 15 occupational slips, trips and falls (STF) risk management. 16 17
Contributing factors

18
Falls are usually the result of slips (e.g. fluid, or dry/dusty floor contamination) and trips (e.g. 19 obstructions or uneven surfaces) but can also occur without slipping or tripping related to 20 individual frailties e.g. fainting or loss of balance. (EU-OSHA, 2008; Kemmlert & Lundholm, 21 Risk factors for patient STF have been identified and reported since the 1950s and are 23 mostly unchanged in the 2010s (Morgan, Mathison, Rice & Clemmer, 1985; Oliver, Daly,5 (assessment, communication, monitoring) , and patient capabilities (Hignett, 2010) . The 28 prevailing clinical view has been that STF events indicate underlying frailty or illness and so 29 many of the interventions over the last 60 years have focussed on assessing and treating 30 physiological factors (dizziness, illness, vision/hearing, medicines). This approach resulted in 31 a multitude of clinical assessment tools trying to identify high risk patients as a 32 'physiologically anticipated' group (Morse Tylko, & Dixon, 1987) . However, the value of 33 assessment tools has been questioned (Schwendimann, Buhler, Geest, & Milisen 2006; 34 Oliver et al., 2007) and recently a review of research evidence in the United Kingdom (UK) 35 recommended that as STF assessment tools had little predictive value, all people admitted 36 to hospital over 65 years should automatically be considered to be at high risk of STF 37 (National Institute for Health and Care Excellence, 2013). So, despite numerous best 38 practice interventions, STF remain one of the major patient safety events and preventable 39 harm issues. 40
In contrast, the focus of occupational STF risk management has not been to identify the 41 people most at risk, but instead to design interventions for a wide range of people (inclusive 42 design) by considering the event from the perspective of the person experiencing the STF to 43 understand what happened and explore how it could have been prevented. This might mean 44 designing wet floor signage that is readable by people with visual changes (Vitale, Cotch, & 45 Sperduto, 2006) or resurfacing flooring to remove uneven surfaces and trip hazards (Bell et 46 al. 2007 ). Intrinsic factors have been considered for occupational STF (Gauchard, Chau, 47 8 brought forward to the nominal group seminar (n=10 participants). Eight more statements 111 achieved 70% consensus and 1 was deleted, resulting in 32 items to be considered during 112 the design process (Figure 2 
Staff (and organisation)-based approach
190
The second case study includes elements from the organisation layer (policies and 191 procedures) as well as staff (training, permanence, knowledge and skills). Two QI projects 192 were used to develop and implement STF interventions. 193
The first project used Lean techniques to standardise working processes for the fall risk 194 assessment and intervention selection on three oncology wards (97 beds; 71 single rooms) 195 with the aim of reducing patient STF and associated injuries (Wolf et al., 2013) . The second 196 project used Six Sigma as a systematic data-driven process method to support continuous 197 improvements and process redesign to investigate root causes of falls. One oncology 198 division (38 beds with 26 single rooms) was selected for the second project based on 199 management support and heightened staff engagement (Wolf et al., 2014) . documented with a process map with swim lanes for each ward using Lean methods to 209 resolve issues and encourage input from all participants such as fist-to-five, silent voting, 210 affinity diagramming and brainstorming round-robin techniques. The initial gap analysis 211 found that assessments for gait and mental status were not being carried out in a consistent 212 manner and there were delays in implementing interventions e.g. bed alarms and low beds. The biggest decrease in total STF was seen during the 'best practice' phase before the start 277 of project 1 -the first 7 months after the arrival of an Advanced Practice Nurse. All her job 278 activities were devoted to STF prevention in a manner that could not be sustained as 279 additional priorities became more demanding so the 2 QI projects aimed to maintain the 280 momentum of STF prevention. 281
Seventeen months after implementing the standard work process in project 1 (Lean), a 34% 282 reduction in total STF was achieved (4.49 vs 6.85 fall rate at baseline). This was the only 283 statistically significant result at (p<0.05) Mann Whitney U (U-value is 57, critical value of U at 284 p≤ 0.05 is 87). 285
286
Although not statistically significant, there are some notable trends in STF with serious 287 injury. There were no STF with serious injury for 14 months during project 2 (a record for this 288 ward); a 56% decrease compared to baseline. STF with serious injury are such a rare event 289 that the rate is greatly impacted by each occurrence requiring a very long post intervention 290 period to have enough statistical power to realize significance. The final case study will 291 explore the patient's role in STF risk management. 292 293
Patient-based approaches
294
One factor that has been identified as important for success in the reduction of both 295 occupational and patient STF is human engagement (participation). Occupational STF risk 296 management projects may have an advantage as employees are contractually required to 297 comply with occupational safety and health policies and procedures. However the 298 relationship of patients with safety procedures is rarely as clearly established or recognized 299 as a priority. It has been suggested that only about 50% of the patients may participate in or 300 adhere with STF prevention initiatives (Nyman & Victor, 2011) . One of the reasons for non-301 adherence can be a difference in expectations between staff and patients, for example in the 302 use of, and response to, a call bell. Tzeng, Hu, Yin, & Johnson (2011) found that more use 303 of call bells resulted in fewer STF, but that patients expected a call bell to be answered in 2.5 304 minutes, but this was not always possible due to staffing numbers and acuity of other 305 patients. Throughout a hospital stay, patients often experience information overload so a 306 deeper understanding of their perceptions and expectations may help to identify solutions 307 that can be embedded and sustained. In this section 2 projects are reported which explored 308 patient perceptions of STF risks in the UK and US (Wolf & Hignett, 309 2015) . 310 311
Patient engagement with STF risk management (UK) 312
The first project used a clinical audit approach to explore patient engagement with the STF 313 risk management process on medical (admission/assessment units, general medical wards, 314 cardiology, respiratory, orthogeriatrics, care of the elderly and rehabilitation units (Hignett et 315 al, 2014) . Data were collected from nursing assessment records about individual patient 316 profiles (mobility, cognitive function, continence and vision) and recommended STF 317 interventions, e.g. use of bed rails. Data were collected on every 2 nd bed, excluding patients 318 who were inappropriate for observation (e.g. infection control measures or end of life care). 319
The data were analysed descriptively (frequencies) and the risk factors were compared with 320 the whole sample and explored with the Chi-squared and Fisher's exact tests. 321
Data were recorded for 156 patients, with over 85% aged 65+ years (50% aged 80+ years); 322 78% had mobility problems, 43% had continence problems and 27% were recorded as 323 having cognitive changes (dementia and delirium). Most patients were in multi-bed baysabsent). The patient profile analyses indicated that those with a STF risk (aged 65 years and 326 over; NICE, 2013) were significantly more likely than expected to have mobility problems 327 (P<0.001), continence problems (P<0.005) and be identified as at risk for pressure ulcers 328 (P<0.001) but were not significantly more likely than expected to have cognitive changes. 329
The observational data recorded that most of the items usually found on the bedside table 330 (e.g. drink, spectacles) were within reach (>80%) but that the call bell (on a cord from the 331 wall) might have fallen out of reach (<60% within reach). Only 21% of walking aids (frames, 332 crutches and sticks) were within reach, and the bedside table was often observed to be 333 obstructing the bedside area (only 24% of bedside areas had no obstacles/hazards). 334 61% of patients (n=95) were willing and able to answer questions; as the sampling strategy 335
was not based on STF risk, patients agreeing to respond were not more or less likely than 336 expected to be at risk of a STF. When asked what they would do when they wanted to go 337 the toilet, 51% (n=39) said they would 'go alone', either not calling or not waiting for 338 assistance. Of these, significantly more than expected patients assessed as needing 339 mobility assistance stated that they would go to the toilet alone (P<0.001). 340 341
Patient perceptions of STF risks (US) 342
To explore patients' perception of STF risks, 30 newly admitted patients on an oncology 343 division in a large inner-city academic medical centre agreed to be interviewed (Wolf & 344 Hignett, 2015) . The patients ranged in age from 26 to 83 years, with 43% men and 57% 345 women and were all assessed as being at moderate or high risk of STF. Semi-structured 346 interviews were recorded, transcribed and imported into NVivo for thematic coding. 347
Almost all patients strongly disagreed that they were at risk of a STF during in their hospital 348 stay, even patients who had fallen within the previous 6 months thought that a STF was a 349 chance occurrence and unlikely to happen again. Some of the reasons for a low perceived 350 risk of STF included desiring independence, for example a high fall risk patient often forgot 351 to use her call bell when she got out of bed. When the nurse told her they were going to 352 have to put an alarm on her bed she started crying and said she felt she was losing her 353 independence. Other reasons included awareness of surroundings, using caution when 354 walking around, and denying a need for help, feeling strong and stable while standing and 355 walking, and feeling protected and safe in the hospital. There were interesting themes 356 emerging about lack of control and frustration with respect to difficulties relating to: 357  getting about due to clutter (obstacles) and trip hazards (e.g. bathroom threshold); 358  finding and using the call bell; 359  getting help and information when, and in the way, they 'want' it. 360
These 2 projects identify a mismatch between patient expectations and STF risk 361 management packages (often based on staff perceptions of STF risk management). These 362 results suggest that, in both US and UK, patients have a desire to retain control over their 363 activities and information access, and will continue to mobilise independently. 364 365 6. Discussion:
366
As over 70% reported patient STF are un-witnessed (Healey et al, 2008) and research 367
indicates there are benefits from retaining mobility associated with continence, cognitive 368 function and pressure care (Lahmann et al, 2015) , there is an argument to design STF 369 interventions to support patient mobility and autonomy. Using HFE and an inclusive design 370 approach allows consideration of the event from the perspective of the person experiencing 371 the STF, similar to approaches used for occupational STF risk management interventions. 372
The design-based approach aimed to embed safety decisions for STF during design and 373 construction by looking at human activities (tasks) and interactions including space, layout, 374 information for navigation, noise, lighting and flooring. 375
The staff-based approaches typify the most common approach to patient safety; using a QI 376 approach to improve processes rather than focussing on human behaviour (Hignett et al, 377 2015) . It is worth repeating that the reduction in the total STF rate reported from the Lean 378 and Six Sigma projects was time-limited and had dropped to only 6% improvement overbaseline within 12 months of the end of the Six Sigma project. Barker et al (2009) suggest 380 that a lack of change in total STF rate with an improvement in the injury rate the 381 explanations may be associated with an increase in reporting non-injurious STF, change in 382 reporting system, definition of a STF and risk assessment screening. These explanations do 383 not apply to the Six Sigma project reported in this paper but two additional explanations are 384 offered related to staff engagement and permanence. The intervention was very successful 385 when delivered by the APN but was not consistently implemented by the nursing staff, 386 possibly as it was perceived as requiring additional time. There were also difficulties related 387 to staff turn-over; a problem that impacts on all process-based (QI) interventions as the team 388 for STF prevention must include all staff (physician, nurse, patient care technician) and 389 ancillary staff (dietary, housekeeping) . 390
Unlike some patient safety issues (e.g. pressure ulcer prevention) where patient could be 391 described as a passive recipient of preventive care, for STF prevention, patients must be an 392 active participant as described in Figure 1 . The DIAL-F model supports suggests a change 393 in bedside interventions from a passive model of providing care and treatment (analogous to 394 a production line with inanimate components) to an active model representing independent 395 functional activities with changed physical, cognitive and behavioural capabilities. These 2 396 models were described by Miller & Gwynne (1972) with respect to risk-taking, with the 397 minimum risk environment called the 'warehousing model of care' (passive), and the more 398 stimulating (active), riskier environment described as the 'horticultural model of care'. 399
The DIAL-F model proposes that HFE interventions should design 400 environments and systems that support and facilitate (rather than change and restrict) the 401 activities being undertaken (by all stakeholders) as well as mitigate risks of injury if a STF 402 does occur. It offers a new HFE integration model (e.g. work system in Systems Engineering 403 outer layer. Patients could be described as voluntary, reluctant (not wishing to be a patient), 408 and with some sort of impairment or just not aware or have a realistic understanding of their 409 capabilities. Personas have previously been used for physical changes at five levels of 410 functional mobility ranging from 'independent for activities of daily living with or without a 411 mobility aid but susceptible to fatigue', through to 'wheelchair users with some or no ability to 412 stand and sit without support', and finally to 'fully dependent patients (bed bound) to describe 413 terminal stages of care (ArjoHuntleigh, 2012 The more active model offers an HFE approach that could be similar to occupational 419 participatory ergonomics (Haines, Wilson, Vink, & Koningsveld, 2002) where engagement or 420 involvement was mapped across 9 dimensions: permanence, level of involvement (full direct, 421 partial direct, representative), influence, decision making, mix of participants, requirement 422 (compulsory, voluntary), focus (e.g. design equipment, tasks), remit (process development, 423 problem identification, solution development/evaluation), and role of HFE input. 424
Risk management solutions for occupational STF seek to enable activities in the workplace 425 to ensure that the intervention has minimal impact on productivity and performance. In 426 healthcare, we suggest, a similar approach should be taken by designing interventions for 427 STF that seek to support and enable patient mobility. The challenge is to design inclusive 428 interventions to benefit a range of patients that do not introduce barriers or problems for staff 429 and other system stakeholders. For example poor balance linked to rising from a chair might 430 be assisted by building and technology design solutions, or not using an out of reach 431 assistive device could be addressed by providing accessible equipment and timely
Conclusion:
434 Slips, trips and falls are a frequent adverse event in hospitals. We propose a step change 435 for STF (and other) patient safety initiatives to use HFE principles as both the overarching 436 (top down) and underpinning (bottom up) framework (Hignett, 2001 ). This offers an 437 opportunity to integrate HFE with embedded QI knowledge and experience (from over 30 438 years of interventions) by focusing on human behaviour to understand and design 439 interventions rather than identifying variation and implementing change based on testing 440 different approaches to achieve the desired outcome . 441
This paper has highlighted that STF interventions in other industrial sectors use both design 442 and systems approaches to improve wellbeing and performance. Rather than continuing to 443 fight this seemingly intractable fire with complex packages (or bundles) of care, we suggest it 444 is time to look proactively at this problem with an HFE approach to facility design and other 445 interventions that include the perspective of all the stakeholders. Our case studies suggest 446 that innovations in STF prevention may best be achieved with a similar approach to other 447 industrial sectors, by designing the HFE intervention with input from the person who 448 experiences the STF event; the patient. 449
